Summary The expression of urokinase-type plasminogen activator (u-PA), u-PA receptor (u-PAR) and plasminogen activator inhibitor (PAI) 1 and 2 was examined in 105 cases of primary lung cancer tissue using immunohistochemical staining and reverse transcriptase polymerase chain reaction (RT-PCR) techniques. The expression of u-PA, u-PAR and PAI-1 was detected in approximately 80% of primary lung cancers, whereas detectable PAI-2 expression was observed only in half of the overall cases. We assessed the relationships between the expression pattern and clinicopathological findings and found that a diminished expression level of PAI-2 was significantly correlated with lymph node metastasis and a poor prognosis. These results indicate that PAI-2 may play a critical role in the regulation of extracellular matrix degradation during tumour cell invasion and metastasis, and the expression of PAI-2 may be useful as a marker for evaluating the prognosis of lung cancer.
It has been established that extracellular matrix proteases, such as matrix metalloproteinases, serine proteases and cysteine-aspartyl proteases, play an important role in tumour invasion and metastasis. Urokinase-type plasminogen activator (u-PA), a member of the serine protease family, converts plasminogen into its activated form plasmin, which degrades several components of the extracellular matrix and basement membranes (Robbins et al, 1967; Liotta et al, 1981; Goldfarb et al, 1986) . As plasmin itself catalyses the activation of plasminogen and metalloproteinases, it is assumed to be a key enzyme in the activation cascade of extracellular matrix (Salo et al, 1982) . After production in tumour cells or surrounding fibroblasts, u-PA seems to be localized on the cell surface by binding to a specific receptor (u-PAR), which results in the focusing of proteolytic activity around the tumour cells (Blasi et al, 1986) . The activity of u-PA is regulated by several plasminogen activator inhibitors, such as plasminogen activator inhibitor 1 and 2 (PAI-I and PAI-2). We have reported that expression of u-PA, u-PAR and PAI-I is elevated in malignant tumours and is correlated with tumour invasiveness and that a low level of PAI-2 expression is associated with tumour invasion and metastasis (Ishikawa et al, 1996; Noguchi-Takino et al, 1996) . In lung cancer, however, there have been few reports on the significance of u-PA and its related factors, especially PAI-2. In the current study, we examined expression of the u-PA series by the reverse transcriptase polymerase chain reaction (RT-PCR) method and immunohistochemical staining, and compared the expression patterns with the clinicopathological findings.
MATERIALS AND METHODS
Clinical specimens Primary lung cancer tissues obtained from 105 patients who underwent surgery in the Kanazawa University Hospital from 1987 to 1995 were frozen and stored at -80°C. The background of these patients is presented in 
Reverse transcription (RT)-PCR
The RT-PCR analysis was performed by a modification of the method of Conboy et al (1988) . Briefly, total RNA was extracted using Isogen (Nippon Gene, Tokyo, Japan). The prepared RNA (1 ,ug) was mixed with oligo-dT (50 pmol), incubated for 15 min at 68°C, then quickly chilled in an ice bath for 5 min. RNA samples were reverse transcribed at 40°C for 90 min into the first-strand cDNA in reverse transcription (RT) (1996) . Specific primers for the u-PA gene used in this study were sense 5'-AGAATTCACCACCATCGAGA-3' and antisense 5'-ATCAGCTTCACAACAGTCAT-3', the target fragment of which was 474 bp, and the probe oligonucleotide was 5'-AGGCAGATGGTCTGTATAGT-3'. Primers for the u-PAR gene were sense 5'-TTACCTCGAATGCATTTCCT-3' and antisense 5'-TTGCACAGCCTCYTACCATA-3' (PCR product 455 bp), and the probe was 5'-TCATCAGACATGAGCTGTGA-3'. Primers for the PAI-1 gene were sense 5'-ATGGGATTCAAGATTGATGA-3' and antisense 5'-TCAGTATAGTTGAACTTGTT-3' (PCR product 452 bp) and the probe was 5'-AGAGAGCCAGATTCATCAT-CAAT-3'. For the PAI-2 gene, sense 5'-TAAGCTGTTTGGTGA-GAAGT-3', antisense 5'-TACATCATCTGTACAGGTGT-3' (PCR products 327 bp) and probe 5'-TAGACTTCCTAGAATGTGCA-3' were used. For the f-actin gene as an internal standard, sense 5'-TTGAAGGTAGTTlCGTGGAT-3' and antisense 5'-GAAAA-TCTGGCACCACACCTT-3' (PCR products 592 bp) were used. Oligonucleotide 5'-ACTGACTACCTCATGAAGAT-3' was used as the probe. Amplification was performed for 1.5 min at 94°C, 2 min at 48°C and 2 min at 72°C for three cycles, followed by 25 cycles of 40 s at 94°C, 1.5 min at 48°C and 1.3 min at 72°C. The PCR products were electrophoresed on a 2% agarose gel then transferred to a nylon membrane filter (Hybond N+, Amersham International, Buckinghamshire, UK). The transferred products were hybridized overnight to a 32P-end-labelled probe specific for the internal sequence of the amplified cDNA fragment (Southern blotting). The hybridized membrane was subjected to autoradiography with an X-ray film or scanned with a Fuji BAS 1000 imaging system (Fuji Photo Film, Hamamatsu, Japan) for the quantitative analysis. The mRNA expression levels of u-PA, u-PAR, PAI-1 and PAI-2 were standardized with that of 1-actin mRNA in each sample. The ratio of the relative amount of each mRNA expression was calculated by the following formula: the ratio of relative amount = (radioactivity of each PCR product! radioactivity of PCR product of 3-actin) x 102. In this study, we defined a tumour as included in the positive-expressing group if the ratio of relative amount was higher than 1.0 x 10'.
Immunohistochemical staining
Expressions of u-PA and PAI-2 were assessed by immunohistochemical staining (Nagayama et al, 1994) . Paraffin-embedded tumour tissues were sectioned to a 3-gm thickness, then the sections were deparaffinized with xylene and dehydrated with 99% ethyl alcohol at 37°C. Endogenous peroxidase was blocked by treatment with 0.3% hydrogen peroxide in methanol for 20 min and the specimens were washed with Dulbecco phosphatebuffered saline (PBS) (pH 7.2) without calcium and magnesium ions. The sections were incubated with normal goat serum diluted tenfold with PBS for 15 min at room temperature for the purpose of blocking the reaction. After being washed with PBS, the sections were reacted with anti-uPA monoclonal antibody and anti-PAI-2 monoclonal antibody, which were diluted 50-fold with PBS containing 1% bovine serum albumin (BSA) for 15 h at 4°C. Anti-uPA monoclonal antibody (no. 3689) was obtained from American Diagnostica (Greenwich, CT, USA) and anti-PAI-2 monoclonal antibody (MAI-2 1) was obtained from Biopool (Umea, Sweden). After they were washed with PBS, an avidin-biotin-peroxidase complex was added and the reaction products were developed by 3,3'-diaminobenzidine (Sigma, St Louis, MO, USA) with 0.03% hydrogen peroxide. Counterstaining was conducted with haematoxylin, dehydrated and mounted in a routine fashion. All reagents except the primary antibody were used as the negative controls. A routinely processed preparation of tumour revealing strong expression of the tested antigens served as a positive control to ensure interassay consistency. Staining was considered positive when more than 10% of the tumour area was stained. The immunoreactivities were graded as -, + and ++ according to the staining intensity of the tumour cells: -, none or less than 10% of the positive-staining area; +, 10-50% of the positive-staining area; ++, the strongest staining response (more than 50% at x 200). Immunoreactivities were assessed without knowledge of the mRNA expression level and clinicopathological findings.
Enzyme-linked immunosorbent assay of PAI-2
In accordance with the method described by Bouchet et al (1994) , levels of PAI-2 antigen were measured in cytosols by an immunoenzymatic method with Biopool TintElize (Umea, Sweden). For extraction, 26 tissue pieces of 250-300 mg wet weight were pulverized at 4°C in 10 mM Tris-HCl buffer (pH 7.4) containing 1.5 mm EDTA, 0.5 mm dithiothreitol and 10% glycerol. The suspension was centrifuged (100 000 g at 4°C for 60 min). The cytosols were collected and stored in liquid nitrogen until use. Monoclonal anti-PAI-2 antibody recognizes low molecular weight PAI-2 (44.6 kDa) and glycosylated high molecular weight PAI-2 (60 kDa). After incubation of the cytosols for 2 h at 25°C with British Journal of Cancer (1998) 78(6) expression of the u-PA systems and lymph node metastasis was examined by the x2-test (Table 2 ). The mRNA expression of u-PA, u-PAR and PAI-1 was not related to lymph node metastasis, but U- Post-operative years 6 7 8 Figure 3 Kaplan-Meier survival plots for lung cancer patients stratified by mRNA expression of u-PA and PAI-2. The u-PA (+), PAI-2 (-) group had a significantly lower survival rate than the other two groups (P < 0.01) the diminished expression of PAI-2 mRNA was significantly correlated with lymph node metastasis (P < 0.0005). The expression levels of PAI-2 mRNA were significantly lower in cases with lymph node involvement than in cases without lymph node involvement ( Figure 2 ). Subsequently, the correlation between the overall survival period of the patients and mRNA expression of u-PA and PAI-2 was assessed. The median survival period was 84 months in the u-PA-negative group (n = 11), 50 months in the u-PA-positive plus PAI-2-positive group (ni = 37) and 13 months in the u-PA-positive plus PAI-2-negative group (n = 25). The 3-and 5-year survival rates in each group were as follows: 72.7% and 60.6% in the u-PA-negative group; 52.3% and 40.9% in the u-PApositive-PAI-2-positive group; and 12.0% and 4.0% in the u-PApositive-PAI-2-negative group. A significant difference in the survival period between each group was observed only in the u-PA-positive-PAI-2-negative group (Figure 3) . A multivariate analysis was performed to compare the prognostic value of u-PA and PAI-2 mRNA expression with that of other parameters. As presented in Table 3 , u-PA and PAI-2 mRNA expression significantly predicted overall survival in lung cancer patients and lymph node metastasis was the only other significant variable.
Immunohistochemical staining of u-PA and PAI-2
The u-PA antigen was detected mainly in the cytoplasm of cancer cells in 82 (78.1%) of the 105 cases examined. The levels of u-PA antigen were classified as -in 23 cases, + in 50 cases and ++ in 32 cases. The mean levels of u-PA mRNA expression in the corresponding cases were 7.5 ± 4.8 for the u-PA antigen (-) group, 69.7 ± 39.9 for the (+) group and 81.5 ± 35.8 for the (++) group respectively. The PAI-2 antigen was also identified mainly in the cytoplasm of lung cancer cells and localization of PAI-2 antigen was similar to that of the u-PA antigen (Figure 4) . Positive staining was observed in 50 cases (47.6%) and the levels of PAI-2 antigen were classified as -in 55 cases, + in 36 cases and ++ in 14 cases. The mean expression levels of PAI-2 mRNA were as follows: (-), 8.0 ± 5.6; (+), 75.5 ± 24.1; and (++), 90.7 ± 31.0 respectively. The intensity of immunostaining coincided with the mRNA expression levels of u-PA and PAI-2. The relationship between the expression of u-PA and PAI-2 antigen and lymph node metastasis was examined by the x2-test. The results are presented in Table 4 . Positive expression of u-PA antigen was not related to lymph node metastasis, but negative expression of PAI-2 antigen was significantly correlated with lymph node metastasis (P < 0.005).
ELISA of PAI-2
We examined the PAI-2 antigen level in 26 cases by ELISA technique to evaluate the relationship with that of PAI-2 mRNA expression. As shown in Figure 5 , the PAI-2 antigen level was significantly correlated with the expression level of PAI-2 mRNA in 26 cases (r = 0.84).
DISCUSSION
Tumour cell invasion and metastasis formation are multifactorial processes. Degradation of the extracellular matrix during tumour invasion requires the coordinated action of cell-secreted proteolytic enzymes and their inhibitors. u-PA is one of these proteolytic enzymes, and the elevated levels of u-PA have been implicated in these invasive processes (Dan0 et al, 1985; Ossowski, 1988; Testa and Quigley, 1990; Pollanen et al, 1991; Del Vecchio et al, 1993) . u-PA is inactivated by several inhibitors such as PAI-1, PAI-2, PAI-3 and protease nexin 1 (Pollanen et al, 1991) . It has been reported that overexpression of u-PA, its specific receptor (u-PAR) and PAI-1 was correlated with the clinicopathological findings in malignant tumours, including lung and colon cancer (Dan0 et al, 1985; Ganesh et al, 1994) . However, there is little information about the physiological significance of PAI-2 in the microenvironment of cancer cells. We examined the expression of u-PA and its related factors in 105 surgically resected lung cancer tissues, with a view to clinical use. The mRNA expression levels of u-PA and related factors were much higher in cancerous tissues than in adjacent normal lung tissues. In our immunohistochemical study, the staining of u-PA and PAI-2 was markedly stronger in lung cancer cells than in the surrounding cells. Nagayama et al (1994) have also reported that u-PA, PAI-I and PAI-2 antigen levels are significantly higher than in normal lung tissue, suggesting that u-PA and related factors in lung cancer tissue are derived mainly from cancer cells.
The mRNA expression of u-PA was observed frequently in human lung cancer tissues. Also, mRNA expression of u-PA was often accompanied by that of u-PAR and PAI-1. Many researchers have reported that the expression of u-PA frequently occurs concomitantly with that of u-PAR and PAl-I in various tumours (Dan0 et al, 1985; Testa and Quigley, 1990; Polainen et al, 1991; Ishikawa et al, 1996) . The activity of specific receptor binding with u-PA is considered to be important for cancer cells in the activation of single-chain u-PA to two-chain u-PA, localizing and enhancing proteolytic activity on the surface of cancer cells (Veale et al, 1990; Cohen et al, 1991; Ellis and Dan0, 1991; Hollas and Boyd, 1991; Pyke et al, 1991; Olson et al, 1992) . This activity is probably important in the formation of lymph node metastasis (Del Vecchio et al, 1993; Carriero et al, 1994) .
However, synchronized expression of u-PA and PAI-I is not consistent with the assumption that u-PA is a critical factor for tumour cell invasion. PAI-1 is able to inhibit u-PA activity and tumour cell invasion in an in vitro system (Nielsen et al, 1986; Cajot et al, 1990; Cubellis et al, 1990) , but the practical action of PAI-I in vivo, especially in cancer cell invasion and metastasis, has remained obscure. Bouchet et al (1994) confirmed the poor prognosis of breast cancer patients whose tumours contained a large amount of PAl-1. In their report, they mentioned that PAI-I does not appear to play a role as a u-PA inhibitor. Further examination is required to clarify the physiological significance of PAT-1 in the regulation of u-PA activity in vivo.
In this study, the depressed expression of PAI-2 mRNA and PAl-2 antigen was significantly correlated with lymph node metastasis. Furthermore, in the u-PA-positive cases, the survival rate of patients with negative mRNA expression of PAI-2 was significantly worse than that of patients with positive mRNA expression of PAI-2 in lung cancers. These results support the findings that depressed PAI-2 antigen detected by the immunoenzymic method is correlated with a shortened disease-free survival in breast cancer (Foekens et al, 1995; Duggan et al, 1997) and that the occurrence of lymph node metastasis follows diminished expression of PAI-2 in breast cancer (Ishikawa et al, 1996) , non-small-cell lung cancer (Nagayama et al, 1994) and colon cancer (Naitoh et al, 1995) . Our previous and present findings and the reports of others suggest that PAI-2 is a more important inhibitor of u-PA activity than PAI-1. Several reports have shown that the activity of receptor-bound u-PA is inhibited by PAI-2 in human cancer cells and human monocyte (Kirchheimer et al, 1989; Baker et al, 1990; Pollanen et al, 1990) . Our current study suggests that PAI-2 is deeply involved in tumour growth and tissue degradation. This notion is also supported by other experiments in which transfection of recombinant PAI-2 cDNA to HT-1080 cells or Met 24 cells effectively depressed their metastatic ability (Laug et al, 1993; Mueller et al, 1995) . The regulating mechanism of PAI-2 expression still remains unclear. Heuvel et al (1994) have reported that dioxin induces mRNA expression of PAI-2. Recently, some reports have shown that tumour necrosis factor and phorbor esters induce gene expression of PAI-2 (Anthony et al, 1996; Maurer and Medcalf, 1996) . There are no reports on the factors that suppress PAI-2 expression.
Possibly, the factors or systems which negatively regulate PAI-2 British Journal of Cancer (1998) 78(6), [833] [834] [835] [836] [837] [838] [839] expression may exist in the cancer cell itself or in the microenvironment surrounding the cancer tissue. It will be necessary to clarify the system of regulating PAI-2 expression in order to obtain novel insights to regulate tumour invasion and metastasis.
In conclusion, uPA and related factors may be key molecules for the extracellular matrix degradation enzyme. Furthermore, PAI-2 is useful as a marker of prognosis or the target molecule for preventing cancer metastasis.
